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@ Coating composition and process for producing a precoated piate. 

® A coating composition having photopolymerizability and heat curability, which comprises, as main compo- 
nents, 

(A) a vinyl copolymer having polymerizable double bonds and crosslinkable hydroxyl groups, 

(B) a condensation polymerizable compound of the foltowing formula (i) or a condensation polymer thereof, 

and 

(C) a photopolymerization initiator: 



\ / 
N 



(i) 



in 



wherein each of the plurality of R which may be the 



B or different, is -H, CH2OH, -CH2OCH3, -CHzOC^Hs, 
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-CH20CC=CH2f -CHjOCC'CHa, -CH2NHCC=CH2 
H 1 ^ 
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-CH2NHCC=CH2 . 
CH3 
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The present invention relates to a coating composition for a coating film having high hardness and high 
flexibility. More particularly, it relates to a coating composition having both ultraviolet curability and heat 
curability. The present invention relates also to a process for producing a precoated plate having such a 
coating composition coated thereon. 

Heretofore, as a field where a coating film having a proper flexibility and hardness is required, there was 
a field of precoated plates, particularly a field of precoated metals where the base material is a metal. Such 
precoated metals were generally classified into those for exterior use such as roof materials or outer wall 
siding materials and those for interior use such as home electric appliances, kitchen utensils, office 
machines and appliances or interior walls. 

The properties required for such precoated metals are various. For example, precoated metals for 
exterior use are required to have e.g. weather resistance, corrosion resistance and flexibility. On the other 
hand, precoated motals for interior use are required to have stain resistance, chemical resistance and 
flexibility, and recently, a high quality coating film is required also from the viewpoint of the hardness, heat 
resistance and gtossiness. However, when after coating, the coated plate is to be deformed to a large extent 
for shaping, it is difficult to attain a balance of the physical properties of the coating film. Namely, a high 
level of flexibility and the hardness and stain resistance of the coating film are parameters which usually 
oppose to each other. 

On the other hand, there have heretofore been known a coating composition curable by electron beams 
and heat comprising a polyester resin and a compound having a group reactive with active hydrogen 
(Japanese Unexamined Patent Publication No. 102279/1990) and a method wherein a composition compris- 
ing a polyester resin, a curing agent thereof and a radiation-curable monomer or oligomer, is under-coated 
on a metal plate and heat-cured, and then a radiation curable paint is overcoated, followed by radiation 
curing (Japanese Unexamined Patent Publication No. 125879/1987). However, the coating films thereby 
obtained had a drawback that the hardness was inadequate while the flexibility was adequate, or inversely, 
the flexibility was inadequate while the hardness was very high (e.g. Japanese Examined Patent Publication 
No. 8070/1981). Thus, there has been no coating film which satisfies both properties of high flexibility and 
high hardness. 

A coating composition for which ultraviolet curing and heat curing are used in combination, is also 
known (e.g. Japanese Unexamined Patent Publications No. 112865/1985 and No. 103216/1990). However, 
the hardness of the coating film thereby obtained was inadequate. 

The present Invention has been made to solve such various problems of the prior art. It Is an object of 
the present invention to provide a coating composition which is capable of forming a coating film having 
high flexibility as well as high hardness and a high level of stain resistance. Further, it is another object of 
the present invention to provide a process for producing a precoated plate having such a coating 
composition coated thereon. 

Thus, the present invention provides a coating composition having photopolymerizability and heat 
curability, which comprises, as main components, 

(A) a vinyl copolymer having polymerizable double bonds and crossllnkable hydroxy! groups, 

(B) a condensation polymerizable compound of the following formula (i) or a condensation polymer 
thereof, and 

(0) a photopolymerization initiator: 



R 



R 



\ / 




•R 



(i) 



wherein each of the plurality of R which may be the same or different, is -H, -CH2OH, -CH2OCH3, 
-GHaOCtHs, 
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-CH20CC=CH2, -CH20CC=CH2, -CH2NHCC=CH2 or 
H 1 S 



II 

-CHjNHCCsCHj. 



The present invention also provides a process for producing a precoated plate comprising: 

(I) a step of coating such a coating composition on a metal plate, laminating a transparent protective film 
on the coated surface, as the case requires, and then irradiating ultraviolet rays to form a primarily cured 
coating film. 

(II) a step of subjecting the coaled metal plate to deformation shaping, and 

(III) a step of removing the protective film and baking the shaped coated metal plate to completely cure 
the primarily cured coating film. 

The present invention further provides a process for producing a precoated plate comprising: 

(I) a step of coating such a coating composition on a metal plate, and then irradiating ultraviolet rays to 
form a primarily cured coating film, 

(II) a step of laminating a protective film on the primarily cured coating film surface, and then subjecting 
the coated metal plate to deformation shaping, and 

(III) a step of removing the protective film and baking the shaped coated metal plate to completely cure 
the primarily cured coating film. 

Now, the present invention will be described in detail with reference to the prefenred embodiments. 

T he first component (A) of the coating composition of the present invention is a vinyl copolymer having 
polvjoari zable double bon ds and_g:o^iinkabjejyittox^ 

In combination with a condensation polymerizable compound or a condensation polymer thereof of 
component (B) which will be described hereinafter, the component (A) brings about such effects that when 
coated and radiation-cured by ultraviolet irradiation, the composition presents a primarily cured coating film 
which has a sufficient elongation and a proper elasticity for recovery during the deformation shaping 
process of the precoated metal, and it presents high hardness and excellent stain resistance to the final 
coating film after baking. 

The vinyl copolymer used as component (A) in the present invention is, particularly preferably, a 
copolymer comprising, in the main chain of the vinyl polymer, 

(a) at least 70 mol% of meth yl methac rylate unit s. 

(b) from 5 to~l5mol% of urHte of th¥ following formula (ii), formulas (li) and (iii), fomiulas (ii) and (iv) or 
formulas (ii), (iii) and (iv), provided that units of the formula (ii) are at least 5 mol%, and 

(c) other monomer units, as the case requires: 
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COCX:Hy-CH-CHy-0 C C'CHj ( i i ) 

OH 0 



-CHj-C — • (n: 2 to 4) (iii) 

COO-fCHjtr-Ra 



-CHj-C— (iv) 



wherein each of Ri and Rs is H or CH3; R3 is 



-0-P-OH or \/ V» 



and R4 is 



OH 



0 



-O-C-CH2-CH-CH2OH, -O-C-CHj-CHjOH or 



0 

-O-C-CHj-CH-CHj-CHg . 



Said other monomers as a copolymer component of the vinyl copolymer include, for example, 
pdymerizable monomers containing an a,/3-monoethylenically unsaturated t)ond, such as methyl acrylate, 
ethyl methacrylate, ethyl acrylate, Isopropyl acrylate, n-butyl methacrylate, n-butyl acrylate, isobutyl ac- 
rylate, n-hexyl acrylate. n-octyl acrylate, n-octyl methacrylate, n-decyl methacrylate. cyclohexyl 
methacrylate, hydroxyethyl methacrylate, hydroxyethyl acrylate. hydroxypropyl acrylate, hydroxypropyl 
methacrylate, glycidyl methacrylate. glycidyl acrylate. acrylonitrile, styrene and vinyl chloride. Such poly- 
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merizable monomers may be used alone or in combination as a mixture of two or more of them. In the 
above composition, methyl methacrylate is preferably at least 70 mol% in view of the flexibility and 
hardness of the coating film, and the units of the formula (11) are preferably at least 5 mol% in view of the 
flexibility of the coating film. Specific examples of the vinyl copolymer as the component (A) in the coating 
composition of the present invention include a polymer having partially esterified (meth)acrylic acid 
introduced to a copolymer comprising, as a component, hydroxyethyl (meth)acrylate, hydroxypropyl (meth)- 
acrylate or glucoxy (meth)acrylate; a polymer having esterified {meth)acrylic acid, crotonic acid or cinnamic 
acid introduced to a copolymer comprising glycidyl (meth)acrylate as a component; and a polymer having 
glycidyl (meth)acrylate Introduced by addition to a carboxyl group-containing polymer. These copolymers 
may be used alone or in combination as a mixture of two or more of them. Among the above copolymers, a 
polymer having (meth)acryloyl groups as side chains or as parts of the side chains, is particularly preferred. 
For the vinyl copolymer to perform the intended effects in combination with the component (B) of the 
present invention, the weight average molecular weight is preferably at least 10,000 and most preferably 
within a range of from 30.000 to 300,000 from the viewpoint of the coating properties, adhesiveness of the 
coating film surface and chemical resistance. 

The component (B) used for the coating composition of the present Invention is a compound having a 
triazine ring structure represented by the above formula (i) or a condensation polymer thereof. As the 
compound of the component (B). a compound containing at least one methylol group, alkoxymethyl group 
(C= 1 to 5) or (rheth)acryioyl group, is preferred. (However, in the case of the (meth)acryloyl group, no more 
than two such groups may better be contained, since the flexibility tends to be poor.) For example, methyl 
etherified melamine, butyl methyl mixed etherified melamine. partially acryloyl-modlfied methoxymethylol 
melamine and partially urethane acrylate-modified methylol melamine may be mentioned. Condensation 
polymers of such compounds preferably have a molecular weight of at most about 6,000. 

Commercial products include, for example, UVAN 20SE (tradename, manufactured by Mitsui Toatsu 
Chemicals, Inc.) as a butyl etherified melamine resin. CYMEL (tradename, manufactured by Mitsui- 
Cyanamid, Ltd.) as a methyl etherified or mixed etherified melamine resin, and NK-OLIGO (tradename, 
manufactured by Shin-Nakamura Chemical Co., Ltd.) as a partially acryloyl-modified methoxymethylol 
melamine resin. 

As the photopolymerization in|tif>tor of comopnenf (C> to be used for the coating composition of the 
present invention, those commonly cnmerciaiiy available can be used without any problem. Specifically, 
there may be mentioned, for example, benzoin, benzoin alkyi ethers, anthraquinone derivatives, benzanth- 
rone derivatives. 2,2-dimethoxy-2-phenylacetophenone. 1-hydroxycyclohexylphenylketone, 2-methyl-[4- 
(methylthio)phenyl]-2-morpholino-1 -propane, benzyl derivatives, benzophenone derivatives, xanthone deriva- 
tives, thioxanthone derivatives, bisimidazoles, acylphosphines. 4,4'-bis-dimethylaminobenzophenone, 
trichloromethyl-8-triazine, 3,4,3',4'-tetra(t-butylperoxycarbonyl)benzophenone and combinations of these in- 
itiators with amine compounds. Such initiators may be used alone or in combination as a mixture of two or 
more of them. In the coating composition of the present invention, the component (B) is used preferably in 
an amount of from 30 to 150 parts by weight per 100 parts by weight of the component (A). If the 
component (B) Is less than 30 parts by weight, the hardness of the coating film tends to be low. On the 
other hand, if it exceeds 150 parts by weight, the coating film after processing tends to be tacky, and the 
plastic deformation of the coating film tends to be large, and the recovery of the creep deformation during 
the storage tends to be difficult. 

The component (C) is used preferably within a range of from 0.05 to 10 parts by weight, more 
preferably from 0.3 to 6 parts by weight, per 100 parts by weight of the component (A). Further, for the 
purpose of forming a coating film having better flexibility, elasticity, hardness and impact strength, at least 
one component selected from the group consisting of a monomer having at least one polymerizable double 
boriu and cro5ShiiKgL.'c nyun./K^j ^iouli . -i p<r»th.-?ne 'methjacrylpto ojigomer, may be incorporated as 
comnonant 'D) in the coating --c.r. ^, p.v^ent invenuon. Suca a i.ic v: .... for example, be 

glyJdv. ,/..-th)acrylate, glycerol (meth)acrylate, glucoxy (meth)acrylate. 2-hydroxyethyl {meth)acrylate, 2- 
hydroxypropyl (meth)acrylale, ethylene oxide-modified phosphoric acid (meth)acrylate, ethylene oxide, 
butanol-modified phosphoric acid (meth)acrylate. 

The above monomer Is used usually In an amount of at most 10 parts by weight, preferably at least 0.5 
part by weight, per 100 parts by weight of the component (A). If the amount of the monomer exceeds 10 
parts by weight, the storage stability of the coating composition or the flexibility of the coating film tends to 
be impaired. On the other hand, the incorporation of the urethane (meth)acrylate oligomer (inclusive of a 
resin) as the component (D) brings about an excellent effect for improving the impact resistance of the 
coating film. The oligomer preferably has a numbier average molecular weight within a range of from 500 to 
100,000. If the number average molecular weight is too low, the effect for improving the impact resistance 
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tends to be inadequate, and if it exceeds 100.000, the hardness of the coating film tends to decrease 

15 The coating composition of the present invention may contain in addition tn th« =h 

various pigments or fillers for the purpose of coloring Thidina a surf^Sfn. » 5 components, 
polymerisation inhibitor and a cross-linking catatys ran eZt ni to^lw^^^ ' ' 

invention. The coating composition of ^e\resJnUn:elT::^ :Z ZZT^^^ 
components (A), (B), (C), a diluent and, if necessary. (D) and other compon^ts ' 

^0 coated as step (I). The composition is coated usualirrsuch ^n amounHharr H^^^^^^ 

be from about 10 to 200 um When a nnn-r^.r-Z^J, T *® '"'"^ thickness would 
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properties, creep properties) «,d higl- »< ""Sf*";^;', r^sLce adh.sl.e properties. 

" ro;rril*r« .»1^^"*-V .s.^ . co.»,^ ».po.«ee ie, preco.,,. rrre* .o ,» 
defOrt^d B a large SKM *«>W „ Exarrrpies. Ho«over. It 

Prepar ation of component (A) 
PREPARATION EXAMPLE 1 

a nitrogen ^y/^ Jf^'^^^^'^^ Tweigi of rr^ethyl meLcry.ate, 15.5 parts by weight of e«iyl 

preliminarily dissolved J^B-B parte by we,g y ^^^^^^^ ^^^p^.^^ ^^^^^ 

acrylate, 9 parts J^'f .^-^''^^^^^^^^ tlmperfJre was r'alsed to 98-C over a period of one hour, 
thereto ^"^^J ,%''Z\^^^^^^ peroxy-2-ethylhexanoate dissolved in 90 parts by 

25 Then, a mixture having 0.3 part by weigni oi leii j ^.^^^^ 

;^s,isrirartTj=.eTasr^ 

30 content of 35% by weight and a weight average molecular weight of 17 x 10* . (Component a , 
PREPARATION EXAMPLE 2 

M added monomers in Preparalior. Example 1 ""^ " Tlrik add and 3.1 parts by «el9W o) 

average molecular weight of 16x10*. (Component A-2) 
40 EXAMPLES 1 to 5 and COMPARATIVE EXAMPLES 1 to 3 

V. * in Tahifi 1 were mixed to obtain coating compositions of the present 

« curt.n no. coarer *««'^**;^:^^ 1™ ^l^o, S ZZ. covered as a 

rrringles 10 evaporate Hie driuenl. Then, a P»l»»*l»"« "VtI ' ,„ cm by means ot a nigh pressure 

--:irrt:Tgrtnr^rrwr.\^^^P£^ 

resistance and impact resistance. The results thereby obtained are shown m Table 2. 
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Table 1 Formulation 

(parts by weight of solid contents ) 
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Component (A) 


Component (B) 


Component ( C ) 


Other 
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B-l<« 




components 




Example 1 


30 parts 




30 parts 




1.4 parts 






Example 2 


30 parts 






30 parts 


1.4 parts 




»5 


Example 3 


30 parts 




30 parts 








5 parts (5) 


30 


Example 4 




30 parts 


30 parts 




1.4 parts 






Example 5 




30 parts 




30 parts 


1.4 parts 


2 parts (6) 
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tive 

Example 1 


30 parts 








1.4 parts 


30 parts (7) 




Compara- 














30 


tive 

Example 2 


30 parts 




30 parts 
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Compara- 
tive 

Example 3 


30 parts 
(1) 




30 parts 
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45 



SO 
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(1) Polyester polyol: VYLON TP005 (tradename, 
manufactured by Toyobo Co., Ltd.), weight average 
molecular weight: 10 x 10* 

(2) Melamine resin: CYMEL 325 (tradename, manufactured by 
Mitsui-Cyanamid. Ltd.) 

(3) Melamine acrylate resin: NK-OLIGO (tradename, 
manufactured by Shin-Nakamura Chemical Co., Ltd.) 

(4) As a photopolymerization initiator, a mixture 
comprising 1 part by weight of benzophenone and 0.4 
part by weight of Michler's ketone, was used. 

(5) Silica pigment 

(6) Urethane acrylate oligomer resin: ARONIX MllOO 
(tradename, manufactured by Toa Gosei Chemical 
Industry Co. , Ltd. ) 

CH,0C0CH=CH2 

I ' 

(7) CH2=CHCOOCH2-C-CH20COCH=CH2 

CH20COCH=CH2 
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Table 2 Test results 







Blocking- 
creep 

recovery (i) 


Bending 
flexibility 

(2) 


Pencil 

hardness 

(3) 


Impac t 

resistance 

(4) 


stain 

resistance 

(5) 


10 


Example 1 


o 


Pass 


5H 


o 


O 


IB 


Example 2 


© 


Pass 


5H - 6H 


o 


O 




Example 3 


@ 




5H - 6H 


o 


O 


20 


Example 4 


o 


Pass 


5H 


o 


o 




Example 5 


© 


Pass 


5H 


o 


o 


25 


Compara- 
tive 

Example 1 


o 


Pail 


4H 


X 


o 


30 


Compara- 
tive 

Example 2 


X 


Pail 


5H 


o 


o 


35 


Compara- 
tive 

Example 3 


X 


Pail 


3H 


X 


A 



so 



11 



EP 0 575 637 A1 



(1) Blocking-creep recovery: 

While a deformation in a longitudinal direction of 
20, 30 and 50% of the film thickness was imparted to 
the coating film after curing with ultraviolet rays, 
a pressure of 40 kg/cm^ was exerted at 40»C for 8 
hours, and the recovery of the formed deformation was 
evaluated after the final curing. 
©: A deformation of 50% disappears 
O: A deformation of 30% disappears 
A : A deformation of 20% disappears 
X : A deformation of 20% remains 
(2) Bending flexibility: 

By a bending vice stipulated in JIS K-5400, 8.1 
(Flexing resistance), the substrate was preliminarily 
bent into a D-shape and then crushed by a vice, 
whereupon the state of the coating film at the bent R 
portion was inspected by a magnifying glass of 30 x 
magnification, whereby the one with no cracking of 
the coating film was evaluated to be "Pass", and the 
one with cracking or the like was evaluated to be 
"Fail" . 

(3) Pencil hardness 

Using a MITSUBISHI UNI PENCIL, the test was conducted 
in accordance with JIS K-5400, 8.4.2. 

(4) Impact resistance: 

Using a Du Pont impact tester prescribed in JIS K- 
5400, 8.3.2, a weight of 300 g was dropped on the 
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coating film placed on a semi-spherical die with a 
radius of 6.35 mm. 

©: No abnormality was observed with the impact from 

a height of at least 20 cm. 
O : No cracking was observed with the impact from a 

height of 10 cm. 
X; Cracking or the like was observed with the impact 

from a height of less than 10 cm. 
(5) Stain resistance: 

A mark was drawn on the coating film surface with a 
marker ink (manufactured by Ochida Yoko Co., Ltd.) at 
20"»C and left to stand for 24 hours, whereupon the 
mark was wiped off with a gauze impregnated with 
ethanol, and the trace of the mark was evaluated. 
O: No trace remained 

A: The trace of the mark slightly remained. 

X: The trace of the mark substantially remained. 



A coating composition having photopolymerizability and heat curability, which comprises, as main 

components, 

(A) a vinyl copolymer having polymerizable double bonds and crosslinkable hydroxy! groups 

(B) a condensation polymerizable compound of the following formula (i) or a condensation 'polvmer 
thereof, and 



(C) a photopolymerization initiator: 



R R 
\ / 



N, ,N (i) 



N ^N- 
R-^ 



wherein each of the plurality of R which may be the same or different, is -H, -CH2OH. -CHaOCHg. 



13 



EP 0 575 637 A1 



-CH2 0C4H9, 



-CH,0CC=CH2, -CH20CC=CH2, -CHjNHCC^CHj 
H I ^ 

CH3 



O 



-CH2NHCC=CH2 • 
CH3 



The coating composition according to Claim 1. which further contains (D) at least one component 
selected from the group consisting of a monomer having at least one polymerizable double bond and 
crosslinkable hydroxyl group, and a urethane (meth)acrylate oligomer. 

The coating composition according to Claim 1 or 2. wherein the vinyl copolymer is a copolymer having 
a weight average molecular weight of at least 10,000 and comprising, in the main chain of the vinyl 
polymer, 

(a) at least 70 mol% of methyl methacrylate units. 

(b) from 5 to 25 mol% of units of the following formula <ii). formulas (ii) and Oii). formulas (ii) and (iv) 
or formulas (ii), (iii) and (iv), provided that units of the formula (ii) are at least 5 moi%, and 

(c) other monomer units, as the case requires: 




r 1^ 

COOCHy-CH-CHj-O— C— C=CH2 
OH 0 



(ii) 



-CH2-C— 



(n: 2 to 4) (iii) 



coo-ecHjtjrRs 



(iv) 



^4 



wherein each of Ri and R2 is H or CH3; R3 is 
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0 

il 

-O-C-CHj-CH-CHj-CHj . 
OH 



A process for producing a precoated plate comprising: 

(I) a step of coating a coating composition of Claim 1. 2 or 3 on a metal plate, laminating a 
transparent protective film on tfie coated surface, as the case requires, and then irradiating ultraviolet 
rays to form a primarily cured coating film, 

(II) a step of subjecting the coated metal plate to deformation shaping, and 

(III) a step of removing the protective film and baking the shaped coated metal plate to completely 
cure the primarily cured coating film. 

A process for producing a precoated plate comprising: 

(I) a step of coating a coating composition of Claim 1. 2 or 3 on a metal plate, and then irradiating 
ultraviolet rays to form a primarily cured coating film, 

(II) a step of laminating a protective film on the primarily cured coating film surface, and then 
subjecting the coated metal plate to deformation shaping, and 

(III) a step of removing the protective film and baking the shaped coated metal plate to completely 
cure the primarily cured coating film. 
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